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A. K. Pandey* : Development of seed and fruit in 
Tithonia diversifolia (Hemsley) A. Gray (Asteraceae) 

A.K. /^yfP: - 


Genus Tithonia (tribe Heliantheae, Asteraceae) includes 10 species which 
are mostly distributed in Mexico and Central America but some species are also 
naturalised in the Old World (Mabberley 1987). Studies on reproductive biology of 
Tithonia are confined to embryological investigations carried out in Tithonia 
rotundifolia (Pullaiah 1978) and T. diversifolia (Lakshmi & Pullaiah 1987). As 
developmental anatomy of seed and fruit has not been studied in T. diversifolia, 
present paper describes these aspects in this taxon of ornamental value. 

Materials and methods Materials collected from the plants growing in the 
Botanical Garden of Bhagalpur University, were fixed in formalin-acetic-alcohol 
and stored in 70% ethanol. Customary methods of dehydration in TBA series 
and embedding in paraffin wax were followed. Microtome sections between 8-15 
micron thickness were stained in safranin fastgreen combination. 

Observations Ovary and ovule. The syncarpous and unilocular ovary con¬ 
tains a single anatropous, unitegmic and tenuinucellate ovule (Fig. 1A). The 
vascular supply of the ovule passes the funicle and ends on the antiraphe side 
at the level of endothelium (Fig. 1A). 

Integument. At the organised female gametophyte stage, the integument is 
17-20 cell-layers thick at the level of the embryo sac (Fig. 1L), and its inner 
epidermis differentiates as an endothelium. A few cell-layers of the integument 
around the endothelium show depletion of their contents and differentiate into 
a periendothelial zone (Fig. 1A, B). Rest of the cells of the integument outside 
this periendothelial zone do not show any characteristic feature. The outer 
epidermal cells of the integument, in surface view, are polygonal in outline and 
have straight walls in early stages (Fig. 1J). 

Endosperm and embryo. The endosperm development is Nuclear type. The 
primary endosperm nucleus undergoes free nuclear divisions and in the beginn¬ 
ing most of the nuclei are confined towards the micropylar side. Wall formation 
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begins from this end and by the time embryo reaches globular stage, the endos¬ 
perm cells completely fill the embryosac (Fig. ID). The outermost layer of the 
endosperm differentiates as a prominent layer and its cells are densely cyto¬ 
plasmic (Fig. 1G, M). The other cells of the endosperm are large and highly 
vacuolated. During the course of development almost all the endosperm is 
consumed except the outermost layer which persists in the mature seed (Fig. 
IP). In many developing seeds it is seen that endosperm collapses immediately 
after globular embryo stage resulting in collapse of the embryo also. 

Mature embryos are observed only in less number of seeds. A large number 
of mature fruits were dissected out and majority of the seeds showed globular 
embryo stage. The fully developed embryo occupies nearly entire length of 
the seed (Fig. IE). It is distinguishable into a hypocotyl-root-axis, two cotyle¬ 
dons, a flat shoot apex and two leaf primordia. Mature embryos are 3.70 mm 
long, hypocotyl-root-axis being 1.30 mm and cotyledons 2.40 mm. 

Seed coat. After fertilization, the cells of the periendothelial zone begin 
to disorganise and by the time embryo reaches globular stage, an air space 
appears around the endothelium (Fig. 1C, D). The disorganization of the in¬ 
tegumentary cells extends further into the chalazal region also. The cells of 
the endothelium lying towards the antipodal side divide anti- and peri-clinally mak¬ 
ing it multilayered (Fig. 1G). At other places the endothelium remains single 
layered. The cells of the endothelium show a higher degree of cutinization. 

In the seeds where endosperm and embryo collapse, the seed coat is thicker 
(Fig. II) but in cases where a fully mature embryo is found, it is 1 to 2- 
layered (Fig. IP). In surface view, the outer epidermal cells of the seed coat 
show wavy outline (Fig. IK). In mature seeds, the endothelium is seen as a 
cuticular layer closely adpressed to the persisting layer of the endosperm (Fig. 
IP). In cases of failure of fertilization, the cells of the endothelium divide anti- 
and peri-clinally making the endothelium many layered around the embryo sac 
(Fig. IF). The endothelium in such cases, are highly cutinised and appears 
light brown. Ultimately the endothelium collapses along with the embryo sac 
resulting in the abortion of the ovule. 

Ovary wall and pericarp. The ovary is nearly elliptical in outline as seen 
in cross-section at various stages of fruit development (Fig. IB, C, H, I). The 
ovary wall is differentiated into two zones, outer and inner. The outer zone 
comprises epidermis and hypodermis while the inner zone is again distinguishable 
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into two regions. The outer region comprises compactly arranged cells and 
this constitutes the profibrous zone. The inner region is made up of large paren¬ 
chymatous cells and some of its cells disorganise to form an air space (Fig. 
IN). In between the outer and inner zone schizogenous spaces are seen which 





March 1990 


Journ. Jap. Bot. Vol. 65 No. 3 


77 


are connected by the strands of uniseriately arranged cells (Fig. IN). Like the 
cells of the hypodermis, the cells composing these radial plates also accumulate 
dense cytoplasm and show prominent nuclei. These together form the prog- 
landular region throughout the periphery of the ovary wall. 

As the fruit grows, the proglandular tissue acquires glandular activity and 
starts exuding phytomelanin into the schizogenous space. By the time embryo 
reaches globular stage, a good amount of phytomelanin is collected (Fig. 10). 
The cells of the profibrous zone at this stage begin to become thick-walled 
(Fig. 2A,B). 

The mature pericarp is differentiated into following zones, (a) a layer of 
epidermis, (b) a layer of radially elongated hypodermal cells, (c) phytomelanin 
zone, (d) fibrous strands and (e) a layer of parenchymatous cells. The narrow 
parenchymatous plate is also distinguishable between the fibrous strands (Fig. 
IP), 

Fruit. The fruit is quadrangular in outline and black in colour. The fruit 
body is narrow towards base and broad on the stylar side (Fig. 2D). Pappus 
is in the form of a ring present at the top of the fruit and the pappus ring 
has two pointed horn-like structures! (Fig. 2C, D). Mature cypselae vary in 
length from 9-10 mm and 2-2.5 mm in breadth. 

Discussion Development of pericarp in T. diversifolia is characterised by 
differentiation of ovary wall into two zones, schizogenous splitting of ovary 
wall after fertilization and deposition of phytomelanin in the schizogenous space, 
a feature characteristic of all Heliantheae (Pandey 1976, 1989; Pandey & Singh 
1982, Pandey & Kumari 1987; Pandey et al. 1986 a, b). Similar pattern of 
pericarp differentiation has also been observed in members of tribe Eupatorieae 
(Pandey & Singh 1983, Pandey et al. in press). Mature pericarp in T. 

Fig. 1. Tithonia diversifolia. A, B. Longitudinal section and cross section of ovary and ovule, at organised 
female gametophyte stage respectively. C.. D. Cross section and longitudinal section of the same at 
globular embryo stage. E. Longitudinal section of mature cypsela. F. Longitudinal section of part 
of ovule showing multilayered endothelium. G. Logitudinal section of part of ovule at globular embryo 
stage. H. Cross section of mature cypsela. I. Cross section of ovary and ovule showing degenera¬ 
tion. J. Epidermal cells of integument in surface view. K. Epidermal cells of seed coat in surface 
view. L. Longitudinal section of part of integument at organised female gametophyte stage. M. 
Longitudinal section of part of ovule at globular embryo stage. N. Cross section of part of ovary at 
organised female gametophyte stage. O. Cross section of part of pericarp at about half mature em¬ 
bryo stage. P. Cross section of part of mature cypsela. (ANT: antipodals, AS; air space, COT. 
cotyledons, EMB : embryo, EN : endothelium, END: endosperm, EP : epidermis, ES: embryosac, FVB : 
fibrovascular bundle, HY : hypodermis, 1PZ : inner parenchymatous zone, OZ : outer zone, P : phyto¬ 
melanin layer, PEZ: periendothelial zone, PFB: profibre bundle, SC: seed coat. VS: vascular supply). 
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■tdiversifolia shows fibre bundles (present study), a feature also observed in T. 
rotundifolia and T. speciosa (Pandey, unpublished). On the other hand, majority 
of the Heliantheae show continuous fibre zone (Pandey 1976, 1989; Pandey & 
Kumari 1987). Presence or absence of fibre bundles in the pericarp may be of 
systematic significance if more taxa of Heliantheae are studied from this point 
of view. 

In T. diversifolia only a single layer of seed coat persists in the mature 
seeds. The cells of the seed coat do not show any special feature. In T. 
rotundifolia and T. speciosa, however, epidermal cells of the seed coat show 
bulging of the inner tangential walls, a feature also reported in Xanthium 
strumarium (Chopra 1968), Tagetes erecta and T. patula (Pandey et al. 1986b). 

The author is grateful to Prof. K. S.. Bilgrami, Head, Department of Botany, 
Bhagalpur University for encouragement and facilities. Thanks are due to DST, 
'Govt, of India, for financial assistance under grant No. SP/YS/20 L./86. 
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